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The previously identified PerR sequence motif

DVU3095 : peroxide-responsive regulator perR

DVU3094 : rubrerythrin

DVU3093 : rubredoxin-like protein

DVU2318 : rubrerythrin, putative

DVU2247 : alkyl hydroperoxide reductase C

DVU0772 : hypothetical protein

Mean PerR regulon 
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PerR regulon gene expression and mean expression
profile in two types of oxygen stress experiments

PerR regulon genes
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Protein functional categories identified in the PerR
profile search results

N o d a t a 

60 120 240 30 120 240 10 

{ { 0.1% O  
2 A ir 

D V U 2 2 4 7 
D V U 3 0 9 4 
D V U 0 7 7 2 
D V U 0 0 2 4 
D V U 0 2 4 0 
D V U 3 0 9 5 
D V U 0 1 5 8 
D V U 0 2 6 5 
D V U 0 2 6 7 
D V U 0 2 6 4 
D V U 2 6 8 0 
D V U 0 4 7 2 
D V U 1 2 2 8 
D V U 0 2 6 6 
D V U 2 2 4 8 
D V U 1 5 2 8 
D V U 0 1 8 6 
D V U 0 2 6 0 
D V U 0 9 4 0 
D V U 1 6 7 4 
D V U 2 6 8 4 
D V U 1 2 1 1 
D V U 3 1 8 4 
D V U 1 3 9 7 
D V U 3 2 8 2 
D V U 0 2 6 3 
D V U 0 2 7 3 
D V U 3 3 2 7 
D V U 0 2 5 9 
D V U 3 3 2 8 
D V U 1 8 5 7 
D V U 1 7 9 2 
D V U 2 2 5 7 
D V U 3 2 1 2 
D V U 3 0 9 3 
D V U 0 7 7 1 
D V U 1 3 3 4 
D V U 3 2 1 9 
D V U 3 0 2 3 
D V U 3 2 7 1 
D V U 2 7 8 3 
D V U 3 0 4 2 
D V U 0 6 0 4 
D V U 3 2 5 9 
D V U 2 6 1 5 
D V U 1 1 5 4 
D V U 3 2 6 2 
D V U 2 4 5 3 
D V U 2 1 1 4 
D V U 0 1 2 9 
D V U 2 9 0 4 
D V U 2 9 4 3 
D V U 0 2 3 8 
D V U 2 7 0 8 
D V U 0 0 7 9 
D V U 0 0 9 9 
D V U 2 3 1 8 

Profile search results
using an empiircal score cutoff

Gene-gene expression profile searches 

Compendium gene-gene
expression profile searches

VIMSS integrates functional genomic data and provides 
novel web-based viewing and mining tools for gene 
expression microarray, proteomic, and phenotype 
microarray data. Currently, these data are mostly project 
generated for wild-type and mutants of Desulfovibrio 
vulgaris and Shewanella oneidensis exposed to stress 
conditions found at DOE field sites. Selecting an organism 
or gene of interest in MicrobesOnline leads to information 
about and data viewers for VIMSS experiments 
conducted on that organism and involving that gene or 
gene product. It is also now possible to view microarray 
data from multiple stress conditions as an interactive 
heatmap and to analyze correlations between gene 
expression results from different experiments. Among the 
major new features is the ability to search any subset of 
experiments in the microarray data compendium for 
similar gene matches to a mean expression profile derived 
from an a priori determined group of genes (e.g., a known 
or predicted regulon). These new compendium-wide 
functionalities allow one to observe patterns in gene 
expression changes across multiple conditions and to 
search for similarities to these patterns.

The custom motif search results are displayed as a list with graphical logos for each 
detected sequence motif. These identified motifs can subsequently be used to search 
genes in carts as well as any of the genomes or taxonomic groups available in Microbes 
Online using scanACE, MAST,and patser. This process can be iterated by using the results 
of a motif scan as a new set of sequences to be used for motif detection. In turn these 
refined motifs can be used to perform additional genome- or taxa-wide motif scanning. At 
any time users can remove or add sequences from the motif detection set.

ESPP is part of the Virtual Institute for Microbial Stress 
and Survival suported by the U. S. Department of 
Energy, Office of Science, Office of Biological and 
Environmental Research, Genomics Program:GTL 
through contract DE-AC02-05CH11231 between 
Lawrence Berkeley National Laboratory and the U. S. 
Department of Energy.

MicrobesOnline includes suite of sequence motif detection tools. Starting from user specified genes in a 
user’s cart, the motif detection interface allows creating custom motif search jobs with the AlignACE, 
MEME, or WEEDER programs. The interface allows specifying the regions to be searched, i.e., upstream 
and downstream regions of genes, or in coding sequence, with coordinates specified relative to the start or 
stop of the gene.

Rodionov et al (Genome Biology 2003) identified a putative PerR (peroxide response) regulon in the 
Desulfovibrio vulgaris Hildenborough genome using comparative genomics and sequence motif detection. 
Subsequently, a mild environmental stress microarray experiment, microaerobic stress (0.1 % O2), 
identified members of this regulon amongst the only 12 significantly changing genes (total of genes with 
logratio2 > 2 or < -2 and z-score > 2 and < -2, respectively).

The Virtual Institute for Microbial Stress and Survival (VIMSS, http://vimss.lbl.gov)  funded by the Dept. of 
Energy's Genomics:GTL Program, is dedicated to using integrated  environmental, functional genomic, 
and comparative sequence and phylogeny data to understand mechanisms by which microbes survive in 
uncertain environments while carrying out processes of interest for bioremediation and energy generation. 
To support  this work, VIMSS has developed a Web portal with an underlying database and analyses for 
comparative functional genomics of bacteria and archaea.  Since 2003 MicrobesOnline 
(http://www.microbesonline.org) has been enabling comparative genome analysis and currently includes 
465 complete genomes, of which 423 are microbial, and offers a suite of analysis and tools including: a 
multi-species genome browser, operon and regulon prediction methods and results, a combined gene and 
species phylogeny browser, a gene ontology browser, a workbench for sequence analysis (including 
sequence motif detection, motif searches, sequence alignment and phylogeny reconstruction), and 
capabilities for community annotation of genomes.

Gene expression data and regulatory sequence motif detection in of themselves can be powerful tools for generating molecular 
function and system hypothesis. Moreover, these methods can be combined to provide additional support for a sequence motif or 
expression profile similarity alone. Work is in progress on incorporating additional publicly available microarray experiment datasets 
from a wider taxonomic sampling of microorganisms, enabling comparative phylogeny methods in the context of sequence motifs 
and expression profiles. In the face of a growing number of datasets and computational methods, MicrobesOnlines serves an 
important integrative role at both the experimental data and the computational biology software levels. We invite new and old users 
to try out our new web enabled computational tools and rich microbial dataset environment.
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The MicrobesOnline microarray data compendium 
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ALIGNACE Motif 1

ALIGNACE Motif 2

ALIGNACE Motif 3

ALIGNACE Motif 4

ALIGNACE Motif 5

ALIGNACE Motif 6

ALIGNACE Motif 7

ALIGNACE Motif 8
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ALIGNACE Motif 13

ALIGNACE Motif 14

ALIGNACE Motif 15

ALIGNACE Motif 16

ALIGNACE Motif 17

ALIGNACE Motif 18

ALIGNACE Motif 19

ALIGNACE Motif 20

ALIGNACE Motif 21
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82 instances
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76 instances

85 instances
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score: 117.201
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score: 114.737
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score: 110.382

score: 107.802
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score: 50.0614
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score: 8.59424

score: 3.14915

WEEDERAlignACE
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WEEDERAlignACE

WEEDER Motif 1 28 instances

WEEDER Motif 2 8 instances

WEEDER Motif 3 3 instances

WEEDER Motif 4 46 instances

WEEDER Motif 5 21 instances

WEEDER Motif 6 7 instances

WEEDER Motif 7 2 instances

WEEDER Motif 8 23 instances

WEEDER Motif 9 86 instances

WEEDER Motif 10 18 instances

WEEDER Motif 11 6 instances

WEEDER Motif 12

8 bp

10 bp

12 bp

6 bp

8 bp

10 bp

12 bp

8 bp

6 bp
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10 bp
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ALIGNACE Motif 1 87 instances [+/-] score: 197.451

ALIGNACE Motif 2 98 instances [+/-] score: 185.642

ALIGNACE Motif 3 92 instances [+/-] score: 183.435

ALIGNACE Motif 4 89 instances [+/-] score: 178.089

ALIGNACE Motif 5 76 instances [+/-] score: 163.304

ALIGNACE Motif 6 77 instances [+/-] score: 162.471

ALIGNACE Motif 7 108 instances [+/-] score: 111.325

ALIGNACE Motif 8 92 instances [+/-] score: 70.9069

ALIGNACE Motif 9 88 instances [+/-] score: 60.0501

ALIGNACE Motif 10 108 instances [+/-] score: 51.5047

ALIGNACE Motif 11 84 instances [+/-] score: 48.5976

ALIGNACE Motif 12 103 instances [+/-] score: 37.156
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Stress
Experiment 
groups

Experiment 
comparisons Hybridizations

Oxygen 7 47 128
Co-culture 7 7 98
Salt:NaCl 7 52 134
Nitrate 5 28 93
pH 4 42 112
Iron-impact 4 55 266
Iron-limited 3 23 54
Biofilm 3 6 30
Peroxide 2 32 72
Exponential VS Stationary 2 17 50
Chromium 2 16 54
Mutant 2 8 24
Cold shock 1 3 17
Heat shock 1 10 33
Salt Adaptation 1 3 16
Sulfur-limited 1 N/A 2
Salt:KCl 1 5 30
Total 53 354 1213


